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Textile Armour 



The present invention relates to textile armour and to a textile armour system which may be 
utilised to protect a vulnerable target, such as a vehicle, building or other object, from damage 
caused by a shaped-charge warhead, such as a rocket propelled grenade (RPG). 

Shaped-charge warheads, such as RPGs are capable of penetrating steel and armour and, 
therefore, pose a particular problem for tanks and armoured personnel carriers (APC) in combat 
situations. A shaped-charge warhead consists of a cone shaped warhead having a quantity of 
explosive disposed behind a hollow space. The hollow space is typically lined with a compliant 
material, such as copper. When detonated the energy is concentrated to the centre of the charge 
and it is sufficient to transform the copper into a thin, effectively liquid, shaped-charge jet having 
a tip speed of up to 12kms ' . The extremely high pressures generated cause the target material 
to yield and flow plastically, with devastating effect. To be most effective the shaped-charge has 
to detonate at the correct distance from the target. If it detonates too close to the target the 
shaped-charge jet will not have properly formed before hitting the surface and the effect will be 
lessened. Conversely, if the shaped-charge is detonated too far away from the target surface the 
shaped-charge jet will have diffused and, again, the effect is lessened. 

The fact that shaped-charge warheads must be detonated at a particular distance from the target 
object has been commonly utilised in defence shields. By providing a preliminary shield at a 
short distance from the actual armour of the vehicle, or other structure, it is possible to cause the 
warhead to detonate at a safe distance from the actual armour, with the effect that the charge 
explodes between the preliminary shield and the armour. In effect, the warhead becomes a 
conventional grenade, rather than a shaped-charge. 

Any preliminary shield which causes premature detonation of the shaped-charge will offer some 
degree of protection. The shield itself merely needs to cause detonation, it is not meant to act as 
additional armour. During World War II the German army fitted sheet metal skirts or "Schttrzen" 
on to many of their tanks to act as a preliminary shield. In more recent times it has become 
to fit so-called "slat armour" to tanks and other military vehicles. The slat armour 
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comprises a metal frame which is mounted at a distahce of approximately 500mm from the 
vehicle. The frame comprises a plurality of horizontal struts or slats which are spaced apart at 
distance selected to prevent penetration by shaped-charge warheads. The slat armour functions 
as a preliminary shield, causing the premature detonation of shaped-charge warheads or, if caught 
between slats, disabling damage of the shaped-charge. Slat armour has been used by both the 
British Army, on the Warrior APC and the American Army, on the Stryker APC. One 
disadvantage of the slat armour is that it is relatively heavy and adds a great deal of weight to the 
already very heavy vehicle. 

It is the object of the present invention to overcome some of the disadvantages of the prior art, 
or at least to offer an alternative system for counteracting the threat posed by RPGs. 

According to the present invention there is provided textile armour comprising at least one textile 
section and corresponding supporting means, wherein the arrangement is such that the or each 
textile section is fully extended. The term "fully extended" describes the requirement that the or 
each textile section is free from sagging material when it is supported. The material should be 
supported at its full width, but it is not necessary for it to be taut. The reason for this requirement 
will be discussed in more detail below. 

The textile armour according to the present invention is not armour in the conventional sense. 
Rather, it is specifically intended to be used to defend against shaped-charges, in particular to 
diminish the effectiveness, or cause deformation, of shaped-charges. As described above, the 
primary damage inflicted by a shaped-charge warhead, such as an RPG, is not caused by the 
explosion itself but by the shaped-charge jet which is generated. The primary function of the 
textile armour is to deform the nose cone of the shaped-charge, thus preventing the shaped- 
charge jet from forming properly. Furthermore, since the textile armour is intended to be 
deployed at a distance in the region of 500mm from the target object which it is protecting, even 
if the warhead does function, the shaped-charge jet will be partly diffused when it reaches the 
target object. The present invention may be incorporated into armour systems to be fitted to 
military vehicles, in much the same way as the conventional slat armour. However, the present 
invention offers significant advantages, particularly in terms of weight reduction. 
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Preferably, the or each textile section comprises a net formed' from a plurality of interconnecting 
net strands. The interconnecting net strands define a net mesh which may be of a variety of 
different shapes. The net mesh may be square, rectangular, triangular, circular, pentagonal, 
hexagonal octagonal or a combination of any of these shapes. The foregoing list is not exhaustive 
and the net mesh may conveniently be of any regular or irregular shape which may be formed 
into a net. 



The objective of the textile armour is to prevent the shaped-charge jet from forming. When the 
or each textile section is in the form of a net the nose cone of the RPG will normally be received 
in a net mesh of the net. The nose cone is typically made from aluminum and the circumference 
of the net mesh will be selected such that it is smaller than the maximum circumference of the 
nose cone, such that the RPG cannot pass straight through the net. As it approaches the net the 
tip of the cone enters the net mesh. However, since the circumference of the net mesh is smaller 
than the circumference of the nose cone, the net mesh begins to tighten against the nose cone as 
it passes through, causing the net to strangulate the nose cone. As mentioned above, the nose 
cone is hollow and the strangulation causes the nose cone to crumple, which in turn causes the 
firing mechanism to fail and prevents the shaped-charge jet from forming. Once the nose cone 
has been strangulated the remainder of the RPG acts on the net mesh and will typically cause the 
mesh to break. However, the damage caused by the body of the RPG will only be that of a high 
speed projectile, which is not comparable to the potential damage caused by a shaped-charge. In 
most cases it will be necessary to repair or replace the textile armour after it has been hit. This 
is also the case in respect of the currently available slat armour. 

It is preferred that the or each net section is supported at or near at least two adjacent corners, 
such that the body of the net hangs below. Extensive testing has revealed the surprising result that 
the net does not require to be securely supported in order to be effective. In a typical example, 
a RPG will be travelling at velocities up to 300ms" 1 . Without wishing to be bound by theory, it 
is believed that in the time-frame in which the net acts on the nose cone, the cone will be 
strangulated before the load has had a chance to be transferred to the perimeter of the net. In tests 
conducted using slow motion cameras it has been possible to view the interaction between the 
net and the RPG. As mentioned above, the nose cone crumples when the net mesh tightens 
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around it. This renders the^fuse inoperable and prevents formation of the shaped-charge jet. The 
remainder of the RPG then breaks through the net. It has been shown that at lower projectile 
velocities (in the region of 150ms 1 ) the RPG may be "caught" by the net and catapulted back. 
However, in order for this to happen the net must be securely supported by a strong frame. 

5 

The net strands may conveniently comprise plastic fibres. It is preferred that the plastic fibres are 
synthetic plastic fibres and have one or more of the following properties: high tenacity; low 
elongation; high strength to weight ratio; low density; and soft finish. As will be discussed in 
more detail below, it is desirable for the net strands to be thin. Consequently, suitable fibres must 
1 0 be high strength and high tenacity in order to perform the desired function. Similarly, the fibres 
must be made of a relatively low elongation material. If the fibres were made of a high elongation 
material then they would stretch on impact and may allow the nose cone to pass through and 
impact with the target. In order to improve handling it is desirable for the textile armour to be as 
light as possible. 

15 

Extensive testing has revealed that it is desirable for the fibres to be high strength but with a "soft 
and fluffy" finish. Although the term "soft and fluffy" does not describe technical features of the 
fibres it describes a desirable characteristic of them. In the event that a nose cone of a RPG hits 
one of the net strands directly it is preferred that the fibre is deflected and the nose cone continues 
20 into a net mesh, rather than firing and forming a shaped-charge jet. If the net strand has a "hard" 
finish then the possibility exists that the RPG will fire. It is therefore preferred that the fibres do 
not have a "hard" or resilient surface finish. 

Although it is desirable for the fibres to have a "soft" finish, they must also be high strength and 
25 high tenacity as they need to be capable of strangulating the nose cone of a shaped-charge 
warhead before they fail. The net strands may suitably comprise ultra high molecular weight 
polyethylene fibres, such as Dyneema®. Alternatively, the net strands may be made from other 
high-strength man-made fibres, such as Kevlar®, Spectra® or any other suitable material. 

30 Traditional nets tend to have knotted intersections where net strands are knotted in order to form 
the net mesh. It has been discovered that these knots form so-called "hard" surfaces which may 
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cause a RPG to fire if it impacts directly onto the knot/ Consequently, if a knotted construction 
is used then it is preferred that the knot is as small as possible to reduce the likelihood of a direct 
hit occurring. 

The net preferably comprises a knotless mesh construction. Alternatively, the net may comprise 
a woven construction. In both of these constructions the intersections between nets strands are 
much less likely to cause a shaped-charge to fire if a direct hit occurs. It is believed that the 
particular construction of the net does not play any particular role in disabling the shaped-charge. 
The only consideration for the net construction is that the intersections are as small and "soft" 
as possible. 

As discussed above, the primary function of the net strands is to strangulate the nose cone of a 
shaped-charge warhead and prevent it from firing. In order to perform this function it is preferred 
that the net strands are as thin as possible in order to increase the likelihood of the nose cone 
entering one of the net meshes, rather than hitting one of the net strands. It is a requirement of 
the invention that the net is "fully extended". The term "fully extended" describes the 
requirement that net is free from sagging material when it is supported. If the net material was 
permitted to sag then it would tend to bunch up, thus increasing the likelihood of a warhead 
hitting the net strands. Consequently, the net material should be held at its full extension, 
although it need not necessarily be taut. 

As mentioned above, it is conceivable that if the tip of the nose cone hit directly onto one of the 
net strands then this may cause the RPG to fire. However, even if this was to happen the textile 
armour would still provide some protection as it will normally be located at least 50cm from the 
target object which it is shielding. Consequently the shaped-charged jet will be formed at least 
50cm from the target and its effectiveness will be decreased. 

It is preferred that the net strands have a diameter of less than 10mm. More preferably, the net 
strands may have a diameter of less than 6mm. The only limiting factor to the diameter of the net 
strands is the availability of materials from which to manufacture them. Ideally the net strands 
will have as small a diameter as possible. Using currently available materials it is preferred that 

t "V ^ 

, UCCONFIDENTIAL 




. . - UK CONFIDENTIAL 

! _ " -v. 

the diameter of the net strands is in the range from 3-5mm. As technology advances it is 
envisaged that it will be possible to utilise net strands having a diameter of less than 3mm. The 
dimensions of the net strands are measured in accordance with BSI Aerospace Series Standard 
BS6F 100:1998. 



As discussed above, the object of the textile armour is to disable a shaped-charge warhead, such 
as a RPG. This is achieved by strangulating the nose cone of the RPG, thus preventing it from 
firing. A number of different RPGs are currently available and it envisaged that over time more 
will be developed. The size of the warhead tends to vary between different RPGs. For example, 
a RPG-7 propels a warhead with a diameter of 85mm and a RPG-18 propels a warhead with a 
diameter of 64mm. Although a general form of the textile armour will be capable of disabling 
more than one size of warhead, such as the RPG-7 and the RPG-1 8, it is preferred that the textile 
armour is selected to counteract the specific threat, i.e. an RPG-7 specific textile armour. 

It is preferred that the circumference of each individual mesh section of the net is less than the 
maximum circumference of the RPG warhead. This ensures that the RPG cannot pass straight 
through the net mesh. Each individual mesh section is defined as the shape defined by the 
intersection of the net strands. As discussed above, the mesh may be a variety of shapes, such as 
square, rectangular, triangular, circular, pentagonal, hexagonal octagonal or any combination of 
these shapes. The circumference of the net mesh is the total distance around the perimeter of the 
net mesh. For example, in a square net mesh with sides of 45mm the circumference will be 
180mm. 

It is further preferred that the circumference of each individual mesh section is less than, or equal 
to, two-thirds of the maximum circumference of the RPG warhead. This has been found to be 
the optimum mesh size which allows for as open a net as possible, while ensuring that the net is 
capable of strangulating the nose cone of an RPG warhead. It is believed that if the circumference 
of the mesh section is greater than two-thirds of the maximum circumference of the RPG 
warhead, then the possibility exists that the warhead will pass through the net and impact with 
the target object. It is also desirable to have as open a net as possible in order to minimise the 
likelihood of the warhead impacting with the net strands. Consequently, it has been discovered 
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that the optimum circumference of each mesh- section is two-thirds of the maximum 
circumference of the nose cone of the RPG which the net is designed to disable. 



As discussed above the RPG-7 propels a warhead with a maximum diameter of 85mm. The 
5 maximum circumference of such a warhead will be approximately 267mm. Consequently, the 
optimum circumference of each mesh section in a textile armour designed to counteract the RPG- 
7 would be approximately 178mm. In the case of a square net mesh this would require sides of 
approximately 45mm. In the case of a square or rectangular net mesh the sides will typically be 
in the range from 20- 100mm. 

10 

It is preferred that the supporting means comprises a rigid support member. As discussed above, 
the net only requires minimal support in order to function. However, a rigid support member 
helps to ensure that the net is held in a "fully extended" manner. The rigid support member may 
conveniently be a frame structure. 

15 

The support member may be of a variety of shapes and its primary function is to suspend the 
textile section in order to provide a shield for a target object, such as a tank or APC, a building, 
a stockpile of munitions, a person or persons or anything else which may be subjected to enemy 
fire. The rigid support member may conveniently be a frame structure. The frame structure may 
20 be square, rectangular, circular, triangular, arched, pentagonal, hexagonal or any other regular 
or irregular shape which is capable of supporting a textile section. For example, the frame 
structure may comprise two upright posts connected by a cross bar. 

The textile section may be suspended from a portion of the support member, such that it hangs 
25 down, or it may extend between two points on the support member, such that it is held taut. 

It is preferred that the textile section is attached to the supporting member at a plurality of 
attachment points, and more preferred that the attachment points are evenly spaced along the 
supporting member. 

30 

The attachment between the textile section and the supporting member may be effected using any 
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suitable attachment means,-as will be easily understood by the person skilled in the art. The 
attachment may be permanent, semi-permanent or breakaway, and each attachment type has 
different properties which will be selected by the user. As discussed above, the primary objective 
for armour designed to counteract RPGs is to disable the warhead. 

Although the net does not require support to function it is preferred from an operational point of 
view. It is envisaged that the textile armour will be fitted to armoured personnel carriers (APC) 
and the like in a similar manner to conventional slat armour. Fitting and replacement of the 
textile armour will be more easily facilitated if the textile armour is held within a frame. 
Although the frame need not provide support for the net in disabling RPGs, it must be strong 
enough to handle the daily wear and tear to which it will be subjected. For example, when it is 
fitted to an APC it is likely that the frame will be utilised by soldiers to enable them to climb on 
top of the APC. 

In order to improve the functionality of the textile armour system it is preferred that the textile 
sections are provided with a camouflage colouring. More preferably, the textile sections may 
also be provided with a suitable camouflage garnish to compliment the colouring of the 
surroundings in which the system will be used. The use of such camouflage is well known. 

According to a second aspect of the present invention, there is provided a textile armour system 
comprising a plurality of textile sections and a plurality of corresponding supporting means, 
wherein the arrangement is such that each textile section is fully extended. 

The plurality of supporting means may conveniently comprise frame structures which may be 
connected together to form a framework of interconnected support members. The support 
members offer structural and inertial support for the system. The framework may be anchored 
to the ground, vehicle or other structure by any suitable means or secured in any other suitable 
way. The framework must be capable of providing the necessary support under impact from 
projectiles, such as RPGs. Although the textile armour is capable of disabling an RPG without 
support from a frame structure it has been shown that at lower velocities a frame structure can 
be helpful. c 

UK CONFIDENTIAL 



UK CONFIDENTIAL 

m * * *- 

* ' ** " * _ * » 

"S. * -v 

The textile armour system preferably comprises textile-armour as described above. The textile 
armour system may conveniently be used to provide a screen between a target object and an 
incoming projectile. The target object may be a vehicle such as a tank or APC, a building, a 
stockpile of munitions, a person or persons or anything else which may be subjected to enemy 
fire. Although the system is specifically intended to be utilised to diminish the threat from 
shaped-charges, it may be deployed against other projectiles. 

For a better understanding of the present invention reference will now be made to the 
accompanying drawings showing solely by way of example, an embodiment of the invention and, 
in which: 



Fig. 1 shows a front view of a textile armour; 

Fig. 2 shows a schematic sectional view of the textile armour of Fig. 1, before impact of a RPG 
warhead; and 

Fig. 3 shows a schematic sectional view of the textile armour of Fig. 1, after impact of a RPG 
warhead. 

Referring firstly to Fig. 1 , this shows a front view of a textile armour 2. The textile armour 2 
comprises a textile section, in the form of a net mesh 4 formed by a plurality of interconnected 
net strands 5, 6, and supporting means in the form of a frame 7. The net strands 5, 6 forming the 
net mesh 4 are made of a high-performance polyethylene fibre manufactured by DSM and sold 
under the Dyneema® brand. It is preferred that the net strands are manufactured from plastic 
fibres having one or more of the following properties: high tenacity; low elongation; high 
strength to weight ratio; low density; and soft finish. Ideally, the plastic fibres will have all of the 
listed properties. The net strands 5, 6 must be sufficiently strong to ensure that the nose cone of 
an RPG is strangulated before they fail. The operation of the textile armour 2 will be described 
in more detail with reference to Fig. 3. Similarly, the net strands 5, 6 must exhibit relatively low 
elongation in the time frame in which they act on the nose cone. Typically, the textile armour 2 
will be deployed at a distance of 500mm from a target object and it is important that the net 
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strands 5, 6 do not stretchUnder loading to the extent that.an RPG could hit the target object 
before the textile armour 2 has acted to disable it. 

Any suitable high-strength yarn may be used, in particular high-strength man-made fibres. For 
example, the net strands may be made from other high-strength man-made fibres, such as 
Kevlar®, Spectra® or any other suitable material which exhibits the desired properties. As 
discussed above, it is desirable for the net strands to have a "soft" finish. This does not mean that 
the net strands will break when hit by a high velocity projectile, rather it means that the projectile 
will push the net strand aside easily. 

The net mesh is a square mesh with a mesh knot to knot size, or mesh dimension, of 
approximately 45mm. The mesh knot to knot size must be small enough to ensure that RPGs 
are not permitted to pass through the net mesh 4 and this requirement will be discussed in more 
detail below. Although the mesh dimension is defined in relation to the "mesh knot to knot size", 
the net is actually constructed using a knotless intersection construction. The knot to knot size 
merely refers to the dimension of one side of the square net mesh. Although a square net mesh 
is utilised it is possible to manufacture the textile armour 2 using any shaped mesh, so long as 
the mesh size permits the textile armour 2 to function. 

The operation of the textile armour 2 will be described in more detail in relation to Figs. 2 and 
3. However, a key feature of the textile armour 2 is the size of each individual mesh section. Each 
individual mesh section is defined as the shape defined by the interaction of the net strands 5, 6, 
which is square in the present case. Although the textile armour 2 may be utilised to counter the 
threat posed by more than one size of RPG, each net will be most effective against a particular 
size of RPG. In order to disable an RPG the textile armour 2 must be able to strangulate the nose 
cone. Consequently, the circumference of each section of net mesh is preferably no greater than 
two-thirds of the maximum circumference of the particular RPG. 

In the present example the textile armour 2 is designed to disable an RPG-7 warhead. The RPG-7 
warhead has a maximum diameter of 85mm and a circumference of approximately 267mm. In 
order to ensure that the warhead is disabled the circumference of each individual mesh section 
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must be approximately 1 78mm,'which equates to a square mesh with sides of approximately 
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45mm. Alternatively, it would be possible to use a rectangular mesh with sides of 60mm and 
30mm. 

The braid diameter of the net strands is 4.5mm. It is preferred that the diameter of the net strands 
is as small as possible to limit the possibility of an RPG hitting a net strand. 

The net mesh 4 is attached to a frame 7 by any suitable means. The net mesh is attached to the 
frame 7 at a plurality of points around the inner periphery of the frame 7. Testing has shown that 
at most velocities the frame structure 7 plays no part in disabling the RPG warhead. In fact, it is 
believed that at a velocity of 300ms' 1 the warhead is disabled and the RPG has broken through 
the net mesh 4 before the load is transmitted to the frame 7. The frame 7 is manufactured from 
box steel. Although it plays no part in disabling the warhead it is preferred that the frame 7 is 
strong and resilient as it will typically be deployed in war time situations, such as additional 
armour for an APC, and it is likely to be subjected to some rough treatment, e.g. soldiers will 
climb on it. The frame 7 is provided with means (not shown) for connecting it to further frames 
in order to create armour of varying sizes to suit different applications. The frames 7 must be 
easy to replace as they will require repair when hit. 

Referring now to Fig. 2, a RPG 12, is shown travelling towards the textile armour 2, in a 
direction perpendicular to the plane of the textile armour 2. The textile armour 2 is deployed at 
a distance of 500mm from the target object 10, which may be an APC. The operation of the 
textile armour 2, as a result of the impact of the RPG 12, will be described with reference to Fig. 
3. 

Fig. 3 shows the result of the impact of a RPG 12. The RPG 12 is an RPG-7 and has a maximum 
diameter of 85mm and a typical velocity of 300ms' 1 . As discussed above, the nose cone of an 
RPG is hollow and is typically made from aluminium. The net strands 5, 6 of the net mesh 4 are 
very thin and there is more fresh air than material in the textile armour 2. This means that in 
normal circumstances there is a far greater likelihood that the tip of the nose cone 1 1 of the RPG 
12 will enter into the space defined by a net mesh 4, rather than hit one of the net strands 5, 6. 
The circumference of each individual mesh section is approximately two-thirds of the 
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circumference of the RPG 42, As the nose cone 1 1 passes through the net mesh it will reach a 
point at which the net mesh begins to tighten around it. The net mesh is made of high strength, 
high tenacity material and as it tightens it will strangulate the nose cone 1 1 , causing it to crumple. 
This renders the RPG 12 inoperable and prevents it from firing and generating a shaped-charge. 

The remainder of the RPG will then act on the net mesh and will eventually cause it to break. It 
is believed that this happens before the load can act on the frame structure 7. It will be necessary 
to replace the textile armour 2 after it has been hit. 

In an alternative scenario the RPG 12 may hit directly onto one of the net strands 5, 6. The net 
strands 5, 6 are manufactured from a low density material with a "soft" finish and it is believed 
that when a direct hit occurs the net strand 5, 6 deforms out of the path of the RPG 12 tip and 
allows it to continue into a net mesh 4. 

The textile armour 2 may be combined with other frame sections 7 to form a larger textile armour 
system. The textile armour system of the present invention is a versatile system which may be 
adapted to suit the needs of the user. The basic components of textile sections 4 attached to 
support members 7 may be combined in a variety of different ways to provide protection for a 
variety of objects 10. The many possible variations will be easily understood by the skilled 
person and the given examples merely show one possible embodiment. 
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